and genetic, host plant resistance (McCreight, 2006) .
The first successful scientific effort in the United States to breed melons for resistance to CPM culminated in the release of 'PMR 45' in 1935 (Jagger and Scott, 1937) . A new physiological race of P. xanthii, race 2, emerged within a few years in the Imperial Valley (Jagger et al., 1938) , the original strain then being designated race 1. Race 3 of P. xanthii was first observed in the lower Rio Grande Valley of Texas in 1977 (Thomas, 1978) . Seven races of P. xanthii were known on melon in 1998 (Pitrat et al., 1998) , but the number of reported races may be as many 28 (McCreight, 2006) or more (Coffey et al., 2006; Pitrat and Besombes, 2008) . Physiological races of CPM may also be defined by sensitivity to fungicides (McGrath and Staniszewska, 1996) .
The CPM situation on melons can be dynamic. Race 1 of P. xanthii was replaced by race 2 in Imperial Valley shortly after release and widespread planting of 'PMR 45' (Jagger et al., 1938) . Occurrence of race 1 in Imperial Valley after many years of no commercial plantings of 'PMR 45', susceptible to race 2, or 'Top Mark', which is susceptible to P. xanthii races 1 and 2 (Pitrat et al., 1998) , would not be expected, but its appearance there in 2001 (McCreight, 2002 was surprising given the virtually complete replacement of 'PMR 45' and 'Top Mark' by race 1 and race 2-resistant hybrid melon cultivars. The CPM race situation changed dramatically in the Imperial Valley and Yuma after the turn of the 21st century. Commercial melon fields planted in Spring 2003 with cultivars possessing resistance to either or both races 1 and 2 suffered high levels of infection and yield losses (T.A. Turini, Univ. Calif. Coop. Ext., unpublished data). A replicated planting at the University of California, Desert Research and Education Center (DREC), Holtville, CA, of commonly used P. xanthii race differentials clearly indicated a new race, designated S, in the Imperial Valley to which melon accession PI 313970 was highly resistant (Coffey et al., 2006; McCreight et al., 2005) .
Melon accession PI 313970 is a source of potentially unique genes for resistance to CPM in the United States and Europe (McCreight, 2003; Pitrat and Besombes, 2008) . PI 313970 also exhibits non-race-specific resistance that is manifested by resistant blisters (McCreight, 2003; Sedlářová et al., 2009) . Our objective was to determine the inheritance of race specific and non-race-specific resistances to P. xanthii race S in PI 313970.
Materials and Methods
Two naturally infected field tests were planted at DREC in 2005 and 2009. The fields were watered using subsurface drip irrigation for germination and subsequently as needed. Imidacloprid for control of sweetpotato whitefly was sprayed at the label rate along the seed line immediately after the initial irrigation.
The 2005 field test was planted on 2 Mar. and consisted of randomized complete blocks (RCB) with seven replications of the susceptible 'Top Mark' (TM), PI 313970 (PI), and their F 1 , F 2 , and backcross generations. Each replication included one plot of each parent, one plot of each reciprocal F 1 , five plots of their F 2 , one plot of the backcross of the F 1 to 'Top Mark' (BC TM ), and two plots of the backcross of the F 1 to PI 313970 (BC PI ). Six seeds were individually planted in each plot at a spacing of 1.5 m on flat beds spaced on 2.0-m centers. The 2009 experiment was planted on 1 Apr. and was identical to the 2005 experiment with the following exceptions: hills spaced 1.8 m, six replications, one F 1 progeny (TM · PI), one plot of BC TM , three plots of BC PI , and different F 1 , F 2 , and backcross progenies. Emergence rates ranged from 32% (BC TM ) to 76% (F 2 and BC PI ) in 2005 and from 55% (TM) to 88% (PI) in 2009 and, thus, reduced the number of plants evaluated for PM. Guard plots and border rows were planted with P. xanthii-susceptible 'Golden Beauty Casaba'.
Presence of race S was verified in adjacent, replicated plantings of the CPM differentials (Pitrat et al., 1998) and PI 313970 ( Table 1 ) that were planted on the same dates as the genetic studies. The differentials were planted in a RCB design with three replications. Plots were 3.6 m (2005) CPM infection severity was evaluated once, when fruit of TM were mature: 22 June in 2005 and 17 June in 2009. Infection as evidenced by mycelial growth and sporulation was evaluated on true leaves using a 1 to 9 scale as follows: 1 = no evidence of disease; 2, trace of hyphae, no detectable sporulation; 3, hyphae restricted, no detectable sporulation; 4, few colonies present, sporulation; 5, scattered colonies, sporulation; 6, numerous colonies, sporulation; 7, 50% of adaxial surface covered with hyphae and spores, few colonies on abaxial surface, abundant sporulation; 8, greater than 50% of adaxial surface covered with hyphae and spores, scattered colonies on abaxial surface, abundant sporulation; and 9, greater than 75% of adaxial surface covered with hyphae and spores, numerous or coalesced colonies on the abaxial surface.
Mean (race differential) or individual plant (genetic study) disease rating less than 4.0 was considered resistant and a respective rating 4.0 or greater was considered susceptible. Nonrace-specific resistance was evaluated as presence or absence of resistant blisters. Segregation data from the F 2 , BC TM , and BC PI were subjected to chi-square analyses.
Results and Discussion
In both tests, P. xanthii race S was present as indicated by the susceptible reactions on all the commonly used P. xanthii race differentials and the resistant reaction of PI 313970 (Table 1) . In 2009, infection of the differentials was not uniform across the three replications, although the surrounding guards and border rows ('Golden Beauty Casaba') were observed to be heavily and uniformly infected (data not shown).
Infection of basal internodes was observed on two individuals of PI 313970 in 2009, although they exhibited no evidence of foliar infection other than some possible hypersensitive reactions (Sedlářová et al., 2009) , and a small, restricted infection was noted on the crown of one BC PI individual. A similar reaction was observed that year in a nonreplicated test of the P. xanthii race differentials at the University of Arizona, Yuma Agricultural Research Center, 70 km to the east of DREC (data not shown). This difference between foliage and basal internodes on a few plants of PI 313970 at these two sites may have been the result of chance alone or heterogeneity for virulence factors in the CPM populations. Three known P. xanthii races are virulent on PI 313970. Race F, originally designated Isolate Px 61/02, was isolated in the Czech Republic (Lebeda and Sedláková, 2004; Sedlářová et al., 2009) . Race SD was isolated from Yuma and the Imperial Valley (Coffey et al., 2006) and occurs in a greenhouse at Salinas where PI 313970 has been grown since the early 1990s (McCreight, unpublished data). Race SDW is, like race SD, virulent on PI 313970 and also on 'Crimson sweet' watermelon, Citrullus lanatus (Thunb.) Matsum & Nakai (Coffey et al., 2006) . The commonly used race differentials were susceptible in both years, like in 2003, when race S was first observed (Coffey et al., 2006; McCreight et al., 2005) , and PI 313970 was clearly resistant in both years (Tables 1 and 2 ).
All 'Top Mark' plants were infected in 2005, but there were two escapes in 2009 ( Table 2 ). The reciprocal F 1 progenies were susceptible (Table 2 ), a clear indication that resistance to P. xanthii race S in PI 313970 is genetically recessive. The F 2 families segregated in acceptable fits to the expected 3 susceptible:1 resistant ratio, and the BC TM families were susceptible with the exception of one escape in 2009 (Table 2 ). The BC PI families segregated in acceptable fits to the expected 1 susceptible:1 resistant ratio in 2005 and 2009 (Table 2) .
These results from two seasons clearly indicate a single, recessive gene, designated pm-S, for resistance to race S in PI 313970. Further studies are needed to determine allelism with the previously reported eight genes in PI 313970 for resistance to six races of P. xanthii (McCreight, 2003; Pitrat and Besombes, 2008) .
Resistant blisters were readily observed on 19 of the 22 plants of PI 313970 in 2005 but none was evident in 2009. The discrepancy in expression of this trait between the 2 years indicates some unknown environmental factor(s) affecting expression or penetrance of the resistant blister reaction. In 2005, neither the F 1 nor the BC TM exhibited resistant blisters, which suggested recessive control of this trait and was consistent with results with P. xanthii race 2 in a greenhouse (McCreight, 2003) . The F 2 and BC PI data did not, however, fit any simple Mendelian model (data not shown), which was also consistent with the greenhouse study (McCreight, 2003) .
The resistant blister reactions of hops (Humulus lupulus L.) to hops powdery mildew incited by Podosphaera macularis (formerly S. humuli) is non-race-specific and controlled by a single dominant gene (Royle, 1978) . Inheritance of resistant blisters to P. xanthii in melon PI 313970 is not clear. These race S data and previous results with race 2 (McCreight, 2003) indicated recessive control of resistant blister in melon. Controlled inoculation studies under conditions that favor development of resistant blister may help clarify genetic control and expression of this resistance mechanism to CPM.
Melon PI 313970 is proving to be a rich source of genes for resistance to P. xanthii. Resistance in this accession to CPM is imparted by three different mechanisms: reduced conidial germination and appressorium formation, hypersensitive response, and resistant blisters, a non-race-specific response (Sedlářová et al., 2009 ). Non-race-specific (horizontal) resistance provides low to moderate levels of resistance in the face of new races of a pathogen and enhances race-specific (vertical) resistance (Vanderplank, 1968) . The potential role of the non-race-specific mechanism exhibited as resistant blisters for control of CPM on melon is unknown.
These data demonstrate recessive resistance to P. xanthii race S in PI 313970 on whole plants under field conditions in response to natural infection. Deployment of recessive genes regardless of their race specificity poses a challenge to melon breeders as the industry continues to favor F 1 hybrid cultivars, and their deployment will have to be done over some extended period because both parents must be homozygous for these alleles. Tightly linked 
